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[Title of the Invention] 

IMMlJP^iiTY ANALYTICAL INSTRUMENT AND METHOD OF 
IMMUNITY ANALYSIS 
[ABSTRACT] 
[Problem] 

To achieve highly accurate immunity analysis with a minute sample 
easily in a short time. 
[Means for Resolution] 

An immunity analyzing microchip including a solid state fine particle (2) 
of 1 mm or below in diameter as a reactive solid phase, a microchannel reaction 
tank portion (3) having a cross-sectional area larger than the diameter of the 
solid state fine particle (2), a microchannel separating portion (4) having a 
cross-sectional area smaller than the diameter of the solid state fine particle (2), 
and an introducing portion or microchannel inlet portions (5), (6) for guiding 
antigen and labeled antibody separately to the reaction tank portion (3) is 
configured and analysis is performed using the same. 
[Claims] 
[Claim 1] 

An immunity analytical instrument comprising: a solid state Hne particle 
of 1 mm or below in diameter as a reactive solid phase, and a microchip having a 
microchannel reaction tank portion having a vertical cross-sectional area larger 
than the diameter of the solid state fine particle, a microchannel separating 
portion having a vertical cross-sectional area smaller than the diameter of the 
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solid state fine particle, and an introducing portion or microchannel inlet 
portions for introducing antigen and labeled antibody separately to the reaction 
tank portion. 
[Claim 2] 

An immunity analytical instrument according to Claim 1, wherein a 
microchannel inlet portion for an antibody different from the labeled antibody is 
provided. 
[Claim 3] 

An immunity analytical instrument according to Claim 1 or 2, wherein 
the solid state fine particle is a glass bead or a high-polymer bead. 
[Claim 4] 

A method of microchip immunity analysis using an instrument according 
to any one of Claims 1 to 3, including the steps of filling the solid state fine 
particle as the reactive solid phase in the microchannel reaction tank portion, 
allowing the antigen and labeled antibody introduced through the microchannel 
inlet portion to react on the solid state fine particle, separating unreacted 
substances with the microchannel separating portion, and analyzing by 
photothermal conversion' analysis. 
[Claim 5] 

An analysis method according to Claim 4, wherein a labeled antibody as 
a second antibody is guided to the reaction tank portion together with a first 
antibody. 
[Claim 6] 

An analysis method according to Claim 4 or 5, wherein the labeled 
antibody is a gold colloid labeled antibody. 



[Claim 7] 

An analysis method according to any one of Claims 4 to 6, wherein the 
photothermal conversion analysis is an analysis conducted using a thermal lens 
microscope having a high-spatial resolution of 2fim or below or fluorometric 
analysis or an analysis using chemiluminescence. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The invention of this application relates to an immunity analytical 
instrument, and an analysis method using the same. 
[0002] 

[Description of the Related Art and the Problems] 

In the related art, a method of immunity analysis using various antigen- 
antibody reactions is known, and an analytical kit as simplified means for such 
analysis has been studied. However, in a general method in the related art, 
there is a problem that a complex process and a period over several days are 
required for immunity analysis, and since labeling with fluorescent dye is 
required in many cases, generation of sample damage due to labeling with the 
fluorescent dye cannot be ineluctable. 
[0003] 

Therefore, in the related art, an analysis method which can perform 
detection of reaction and separation easily in a short time with high degree of 
accuracy and cannot damage the sample has been demanded in the method of 
immunity analysis for biopolymer or the like. Under such circumstances, an 
attempt to integrate chemical systems on a substrate formed of glass or the like 



(hereinafter referred to as a microchip) is expected to bear reduction of time 
period required for analysis owing to simplification and automation of operation, 
and is designated as fx-TAS, which has been employed widely and actively in 
recent years. The inventors of the present application keep their eyes on the 
fact that a molecular diffusion force is effective for quick transportation of 
molecules as an extra minute analysis using a thermal lens microscope or a size 
effect for minute space, and are proceeding their own studying about integration. 
However, although the immunity analysis has been expected as an important 
object for the fi-TAS utilizing electro-endosmosis or electrophoresis as in the case 
of DNA analysis, and hence various shapes of chips having an advanced structure 
have been developed, an example in which the antigen-antibody reaction is 
achieved in the microchip is hardly reported. 
[0004] 

Accordingly, it is an object of the invention of this application to provide 
a novel immunity analytical instrument which actually enables antigen-antibody 
reaction in the microchip for performing immunity analysis and an analysis 
method using the same. The invention of this application enables highly- 
accurate detection of reaction and separation with simple means in a short time 
with such a novel analytical instrument while overcoming the limit in the related 
art as described above, and a novel analysis method without giving damage to the 
sample. 
[0005] 

[Means for Solving the Problem] 

In order to solve the problems as described above, firstly, the invention 
of this application provides an immunity analytical instrument including a solid 
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state fine particle of 1 mm or below in diameter as a reactive solid phase, and a 
microchip having a microchannel reaction tank portion having a vertical cross- 
sectional area larger than the diameter of the solid state fine particle, a 
microchannel separating portion having a vertical cross-sectional area smaller 
than the diameter of the solid state fine particle, and an introducing portion or 
microchannel inlet portions for introducing antigen and antibody separately to 
the reaction tank portion. 
[0006] 

Secondly, there is provided an immunity analytical instrument according 
to Claim 1 or 2, characterized in that a microchannel inlet portion for an 
antibody different from a labeled antibody is provided, and thirdly there is 
provided an immunity analytical instrument according to Claim 1 or 2, 
characterized in that the solid state fine particle is a glass bead or a high-polymer 
bead. According to the invention of this application, fourthly, there is provided 
a method of immunity analysis using the microchip according to any one of 
Claims 1 to 3, including the steps of filling the solid state fine particle as the 
reactive solid phase in the microchannel reaction tank portion, allowing the 
antigen and labeled antibody introduced through the microchannel inlet portion 
to react on the solid state fine particle, separating unreacted substances with the 
microchannel separating portion, and analyzing by photothermal conversion 
analysis. Fifthly, there is provided a method for guiding the labeled antibody as 
a second anti body to the reaction tank portion together with a first antibody. 
There are also provided, sixthly, a method characterized in that the labeled 
antibody is a gold colloid labeled antibody, and seventhly, an analysis method 
characterized in that the photothermal conversion analysis is an analysis 
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conducted using a thermal lens microscope having a high-spatial resolution of 
2\xm or below or fluorometric analysis or an analysis using chemiluminescence. 
[0007] 

[Preferred Embodiment of the invention] 

The invention of this application is characterized as described above, 
embodiments of the invention will be described below. In a first place, an 
immunity analytical instrument will be illustrated in its structure based on Fig. 
1. 

[0008] 

As shown in Fig. 1 as an example, on a substrate formed of glass or 
silicon, more preferably a transparent substrate (1) formed of glass or the like, in 
the case of the immunity analyzing microchip in the invention, there are provided 
solid state fine particle (2) of 1 mm or below in diameter as a reactive solid phase, 
a microchannel reaction tank portion (3) having a vertical cross-sectional area 
larger than the diameter of the solid state fine particle (2), a microchannel 
separating portion (4) having a vertical cross-sectional area smaller than the 
diameter of the solid state fine particle (2), and an introducing portion or 
microchannel inlet portions (5), (6) for introducing antigen and labeled antibody 
separately to the reaction tank portion. 
[0009] 

In the example shown in Fig. 1, there are provided the microchannel inlet 
portion (6) for introducing the labeled antibody as a second antibody into the 
reaction tank potion (3) as well as a microchannel inlet portion (7) for 
introducing a first antibody, and a microchannel inlet portion (8) for introducing 
buffer liquid or cleaning fluid, and the ends of the respective microchannel inlet 



6 




portions (5), (6), (7), (8) are provided with injection holes (5A), (6A), (7A), (8A) 
for antibody, labeled antibody (second antibody), first antibody, and cleaning 
fluid, respectively. 
[0010] 

In the example in Fig. 1, a liquid discharging portion (4A) is provided at 
the end of the microchannel separating portion (4). The solid state fine particle 
(2) functions as a reactive solid phase for an immunity antigen-antibody reaction, 
and for example, a glass bead or a high-polymer bead such as polystyrene is 
employed. The solid state fine particle (2) in the microchip of the invention is 1 
mm or below in diameter, for example, 15-85 ^m, or 40-65 fim. 
[0011] 

In the present invention, it is essential that the size of the microchannel 
reaction tank portion (3) is such that the vertical cross-sectional area, more 
specifically, when it is a semi-sphere or curved hole, the maximum cross-sectional 
area in the vertical direction is larger than the diameter of the aforementioned 
solid state fine particle (2) and the cross-sectional area of a flow path of the 
microchannel separating portion (4), that is, the cross-sectional area taken. along 
a-a in Fig. 1 is smaller than the diameter of the solid state fine particle (2). 
[0012] 

For example, more specifically, when it is a semi-spherical hole, the size 
of the microchannel reaction tank portion (3) is considered to be, for example, 
100 |im or larger in radius, more preferably, 150 \im or larger. Also, the 
microchannel separating portion (4) is considered to be, for example, 10 p.m or 
below in depth and 10 \xm or below in width. In this arrangement, the solid 
state fine particle (2) as the reactive solid phase is not flown into the 
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microchannel separating portion (4), but is trapped. Then, only unreacted 
substance is flown into the microchannel separating portion (4) and separated 
therein. Also, only reacted products coupled to or separated from the solid state 
fine particle (2) are separated as needed. 
10013] 

The microchannel inlet portion (5) for introducing the antigen does not 
have to be necessarily as shown in Fig. 1, and may be adapted to introduce the 
antigen directly to the reaction tank portion (3). Alternatively, a structure in 
which the solid state fine particle (2) in a state in which the antigen is adsorbed in 
advance is introduced into the microchannel reaction tank portion is also 
applicable. The microchannel inlet portions (5), (6), (7), and (8) may be 
configured to be 150 \im or below in depth, and about 300 \iin or below in width. 
The cross-sectional area of the microchannel inlet portions may simply be 
sufficient for allowing the antigen or the antibody to flow into the microchannel 
reaction tank portion (3). 
[0014] 

The immunity analyzing microchip of the present invention may be 
formed with the structure as described above on the surface of the substrate (1), 
or may have a multi-layer structure, such that a protective plate (11) is laminated 
on the surface of the substrate (1) formed with the microchannel separating 
portion 4 and so on, and if necessary, a supporting plate (12) for reinforcing the 
back surface is laminated as shown in a cross-sectional view taken along the line 
a-a in Fig 1. In the case of the laminated structure as shown in Fig. 2, the 
protective plate (11) includes openings at the positions corresponding to the 
reaction tank portion (3), the injection holes (5A), (6A), (7A) and (8A), and the 
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liquid discharging portion (4A). 
[0015] 

In any cases, with the immunity analyzing microchip of the present 
invention, immunity analysis can be performed easily with a short reaction 
period using a minute sample or the like. A method of immunity analysis 
according to the present invention includes the steps of introducing the solid 
state flne particle (2) as the reactive solid phase into the microchannel reaction 
tank portion (3), allowing the antigen and labeled antibody introduced from the 
introducing portion or the microchannel inlet portions (5), (6), and the antigen 
introduced from the microchannel inlet portion (7) as needed to react on the solid 
state fine particle (2), separating the unreacted substance in the microchannel 
separating portion (4), and analyzing by photothermal conversion analysis. 
[0016] 

A representative labeled antibody exemplified as a suitable antibody is a 
gold colloid labeled antibody. The reacted substance is adsorbed on the solid 
state flne particle (2), and only the unreacted substance is separated in the 
microchannel separating portion (4), or the reacted product is coupled to or 
separated from the solid state flne particle (2) and separated in the microchannel 
separating portion (4). 
[0017] 

The photothermal conversion analysis includes, as a representative 
example, an analysis using a thermal lens microscope, which the present 
inventors have already proposed. An analysis by a thermal lens microscope of a 
high-spatial resolution of 2 \im or below is more preferable. This analysis may 
be conducted for the solid state fine particle (2) on which the reacted product is 
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adsorbed, or for the microchannel separating portion (4). Also, it may not only 
be the analysis by the thermal lens microscope, but may also by fluorometric 
analysis, or chemiluminescent analysis may also be employed. 
[0018] 

As described above, according to the invention of this application, 
detection of reaction and separation can be performed easily with high degree of 
accuracy in a short time. In addition, it does not damage the sample as it is in 
the related art. The invention of this application will be described in further 
detail by showing an embodiment. 
[0019] 

[Embodiments] 

(Embodimentl) slgA which is known as a local immunity or a stress- 
related substance was selected as a model sample, and integration of B/F 
separating operation and the like was studied. In other words, a glass fine 
particle or polystyrene fine particle of 43-60 fim in diameter on which the human 
slgA was adsorbed was introduced into the microchannel reaction tank portion 
respectively and trapped, so as to obtain a reactive solid phase. Then, the gold 
colloid labeled antibody was flown into the reaction tank portion through the 
microchannel inlet portion and the antigen-antibody reaction was conducted. 
Subsequently, the buffer phosphate was distributed through the microchannel 
inlet portion and unreacted residuals were separated (B/F separation). A 
thermal lens microscope was used for detection. 
[0020] 

In the experiment, a microchannel inlet portion of 100 |xm in depth and 
200 ^m in width was formed in a quartz glass substrate, and a further fine 
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channel of 5 fxm in depth was machined by FAB (Fast Atom Beam) for forming 
the microchannel separating portion, and then a reaction tank portion of about 1 
mm in radius was machined to obtain a microchip. In this microchip, a 
structure in which the depth of the channel was shallow only in the FAB 
machined portion, so that the bead used as the reactive solid phase can be 
trapped is intended. 
[0021] 

In this microchip, the multi-layer structure is not employed. An 
experiment for optimizing the conditions such as the B/F separation for reaction 
was conducted by bulk amount. Subsequently, the fine particle was introduced 
in the reaction tank portion in the trapped structure in the channel under the 
optimized conditions, and PBS buffer is distributed to let it be B/F separated. 
Then the labeled gold colloid coupled to the flne particle was measured by the 
thermal lens microscope. For comparison, the fine particle subjected to the B/F 
separation in the normally employed method was introduced into the same chip 
and measured in the same manner. As a consequence, a detected volume curve 
with respect to the strength of signals for slgA concentration was obtained, and 
the fact that the bead subjected to the B/F separation in the microchannel and 
bead subjected to the B/F separation in a normal method have no difference was 
confirmed. As a result, it was found that immunity analysis utilizing a minute 
space in the microchannel was possible. 

(Second Embodiment) In the first embodiment, the human slgA was introduced 
into the reaction tank portion through the micro-channel inlet portion, was 
adsorbed to the glass fine particle, was allowed to react in the same manner, and 
was analyzed by the thermal lens microscope. 
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[0022] 

As a consequence, it was found that the same B/F separation could be 
performed with much smaller amount of sample in a short time in comparison 
with the analysis of a normal bulk amount. 
[0023] 

[Advantages of the Invention] 

As described in detail above, according to the description of this 
application, the immunity analysis can be performed by actually enabling the 
antigen-antibody reaction in the microchip while outstepping the limit of the 
related art. With such a novel microchip and a novel analysis method, reaction, 
separation, and detection can be performed by simple means with high degree of 
accuracy in a short time, and in addition, analysis which does not damage the 
sample is achieved. 
[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 is a perspective view showing an example of a microchip according 
to the present invention. 
IFig. 2] 

Fig. 2 is a cross-sectional view showing the microchip of a multi-layer 

type. 

[Reference Numerals] 

1 substrate 

2 solid state fine article 

3 microchannel reaction tank portion 

4 microchannel separating portion 
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4A liquid discharging portion 

5j 6j 7, 8 microchannel inlet portio 

SA, 6A, 7A, 8A injection hole 

11 protective plate 

12 supporting plate 



